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Introduction 
 

Open-graded friction course (OGFC) is a porous, gap-graded, predominantly single size 
aggregate bituminous mixture that contains a high percentage of air voids.  The high air void 
content and the open structure of this mix promote the effective drainage of rainwater, which 
also minimizes hydroplaning during wet weather.  This characteristic also reduces splash and 
spray behind vehicles and improves wet weather skid resistance.  Other purported benefits of 
this type mix are lower pavement noise and reduced roadway glare during wet weather, 
which improves the night visibility of pavement markings. 
 
OGFCs have been used throughout the United States since 1950 [1, 2].  Some state 
departments of transportation have reported good performance, but many others have 
reported poor performance [1, 2].  Louisiana first developed an OGFC in the late 1960s and 
early 1970s to provide a skid resistant surface [3, 4].  The open texture of the friction course 
reduced water spray and increased critical hydroplaning speeds.  Louisiana’s OGFC was 
developed prior to the initiation of the Federal Highway Safety Program Management Guide, 
Highway Safety Program 12, and Instructional Memorandum 211-3-73 of 1973 dealing with 
the establishment of a Skid Accident Reduction Program.  Louisiana had already placed 
several OGFCs prior to the Instruction Memorandum.  After receiving the Instructional 
Memorandum, the Louisiana Department of Transportation and Development (LADOTD) 
issued an Engineering Directive to use Plant Mix Seal (PMS) (used interchangeably with 
OGFC and asphaltic concrete friction course (ACFC)) on all roads with an ADT greater than 
4,000.  In 1980, the ADT limit was revised to require the friction course on all roads with an 
ADT greater than 3,000. 
 
In late 1980, problems with the OGFCs were encountered.  Many of these surfacings had 
reached their end-of- life, having lasted much longer than the original life expectancy of five 
years, typically 10 - 12 years.  The end-of-life was signaled by severe raveling in the wheel 
paths due to oxidized asphalt binders and subsequent decrease in serviceability.  This, in 
conjunction with numerous OGFC failures during the construction phase or shortly thereafter, 
led to a moratorium on its use. 
 
Inspection of the failed construction projects and project records indicated that the problems 
encountered with the OGFC were related to moisture and temperature.  The temperature 
problems were related to both mix and weather; the moisture problems were generally 
associated with a particular aggregate type.  To address these issues, changes were made to 
the specifications, including a maximum moisture content for the aggregate, institution of a 
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construction season from May to September, and an increased minimum ambient air 
temperature.  Based on these changes, the moratorium was lifted. 
 
It should also be noted the design asphalt content of OGFCs was significantly decreased in 
1979.  This decrease in asphalt content along with the use of asphalt cements composed of 
base asphalt that oxidized rapidly contributed to all of these construction problems although 
it was not recognized at the time.  Typical deterioration consisted of raveling in the wheel 
path. 
 
In the next 1 ½ years, 12 OGFCs were placed without incidence.  However, because the 
winters of 1982 and 1983 were extremely severe, the previously placed friction courses were 
reaching their end-of- life at approximately 8 to 11 years of age.  Additionally, because of 
several oil boycotts and increases in the cost of crude, asphalt cement contents were reduced.  
In the beginning of 1984, with hundreds of miles of OGFC at end-of- life and raveling, a 
public and political uproar forced the imposition of a second moratorium which is still in 
effect today.    
 
In 1984, a final experimental polymer modifying OGFC was placed on LA 48, Poydras- 
Reggio ten mile construction project.  Two experimental sections (4 lane miles each) were 
constructed using a latex modified asphalt (similar to the current PG 70-22m) and an 
elastomeric polymer modified asphalt (similar to the current PG 76-22m).  These sections 
were placed with an aspha lt content 0.7 percent higher (similar to the 1960/70 binder levels) 
than the control sections with AC-30 which used the 1979 binder content.  It was polymer 
modified asphalt along with fibers that permit additional asphalt creating greater film 
thickness and reduced draindown.  Within one year the control sections raveled in the cross-
overs and turn lanes; within two years the control sections had raveled in the inside and 
outside wheel paths.  The polymer modified section was still performing without raveling 
when the entire project was rehabilitated circa 1999-2001.  This 15-17 year lifespan is 
consistant with design models used today. 
 
This paper documents Louisiana’s first use of this type mix since the suspension of OGFC 
mixes in 1984.   

Project Description 

Figure 1 illustrates the project location, which is on US 71 in Grant Parish and begins 4.041 
miles (Log Mile 4.041) north of the beginning of the control section (Rapides Parish line, SE 
of Rock Hill) and commences northward for 0.157 miles to its project ending limits (Log 
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Mile 4.198).  This highway is 24 feet wide (2 12-foot travel lanes) with 2 10-foot improved 
hot mix shoulders.  The contract was bid under State Project No. 009-02-0018 and was 
awarded to the low bidder, Diamond B. Construction Co., LLC.  The work order date for this 
project was June 7, 2003, and the final inspection date was June 26, 2003.  The OGFC was 
placed on June 15, 2003 and was completed in one day.  The OGFC was placed at 
approximately three-fourths of an inch compacted thickness, and the area covered was 
minimal at 2181.30 square yards.  Approximately 94.0 tons of OGFC was placed during 
construction.  This project site was selected because District 08 wanted to improve the 
existing surface characteristics at this location, and the placement of the OGFC was 
applicable in this area. 
 

 
 

Figure 1 
Project Location 

 
 

Materials 

Asphalt Cement 

An elastomeric type of polymer modified asphalt cement was specified for this project, 
meeting the LADOTD specification for PG76-22m.  The PG76-22m asphalt cement was 
listed on QPL #41 and was supplied by Marlin Asphalt, LTD. The polymer modified asphalt 
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cement content was 6.6 percent as designed by the contractor, Diamond B. Construction Co., 
LLC. 

Aggregates 

The final aggregate blend, Design 2, was composed of 67.2 percent - #78 sandstone, Friction 
Rating I; 7.4 percent - #11 sandstone, Friction Rating I; and 18.7 percent - #89 siliceous 
limestone, Friction Rating III (see tables 1 and 2).  The sandstone was supplied by Pine Bluff 
Sand & Gravel Co. (Source Code AB13).  The limestone was supplied by Vulcan Material 
Company (Source Code AA50).  The aggregates used complied with the requirements set 
forth in Subsection 1003.06(b) of the Standard Specifications. 

Fibers 

A mineral fiber in pellet form was added to the mix at a mix percentage of 0.1 by weight to 
protect against drain down.  The fiber was supplied by Interfibe.  The contract specifications 
required that drain down testing be conducted in accordance with Section 508 of the 2000 
Edition of the Louisiana Standard Specifications [5] on the loose mix at a temperature 60°F 
(15°C) higher than normal mixing temperatures. A maximum drain down of 0.3 percent is 
required. The approved Job Mix Formula (JMF) indicated that the maximum drain down for 
the OGFC mixture tested was 0.08 percent using the minimum dosage of fiber specified. 

Antistrip 

The contractor was required to perform the Boil Test and modified Lottman test to evaluate 
the mixture’s susceptib ility to moisture damage.  An Ad-Here LA 2 from Arr-Maz Products, 
Inc. was added at mix percentage of 0.6 by weight.  The Lottman test was modified to require 
five freeze thaw cycles. 

Tack Coat 

The contractor elected to use the unmodified SS-1 emulsion for tack coat as allowed by 
Section 504 of the Standard Specifications [5].  The SS-1 emulsion was listed on QPL #41 
and supplied by Asphalt Products Unlimited.  The tack coat rate to be applied was 0.07 
gallons/square yards, as required by the Special Provis ions of the contract.  The tack coat rate 
was not measured; however, the tack coat coverage was uniform and covered 100 percent of 
the existing dense graded asphalt surface, which was approximately 3 years old. 
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Open-graded Friction Course Mixture Design 

The mix design procedures for this project were detailed in the Special Provisions of the 
contract.  The specified OGFC design requirements followed the recommendations as 
outlined in the 2000 Edition of the Journal of the Association of Asphalt Paving 
Technologists (AAPT) [6].  The contractor was required to use approved PG76-22m asphalt 
cement complying with Section 1002 in the Standard Specifications and listed in QPL #41 
[5].  It was further specified that the aggregates, coarse and fine, should be 100 percent 
crushed stone with a Friction Rating of I, thus complying with the requirements set forth in 
Subsection 1003.06(b) of the Standard Specifications [5].  A Cellulose fiber or mineral filler 
may also be used to ensure protection against drain down.  Also, an anti-strip additive was 
required to prevent stripping.  The OGFC Special Provisions of the contract and the approved 
JMF are in Appendix B and Appendix C, respectively.  
 
During the mix design process, the contractor evaluated two designs.  See tables 1 and 2.  
The first mixture design, Design 1, incorporated a blend of two sandstone gradations that 
subsequently failed during the Hamburg rut testing performed by LTRC.  The samples 
obtained from the Design 1 mix disintegrated or fell apart during testing in the Hamburg.  In 
the second mixture design, Design 2, the contractor was allowed to blend less than 25 percent 
of a #89 siliceous limestone meeting a Friction Rating III.  The incorporation of the #89 
stone was necessary to introduce some intermediate fine material into the design blend to 
ensure the stability of the mix during Hamburg rut testing.  This particular aggregate was 
allowed because its availability facilitated the timely completion of the project.  It should be 
noted that Design 2, which Diamond B. Construction Company selected as the JMF and 
submitted to LADOTD, was subsequently used to construct the OGFC layer. 
 
The Design 1 and Design 2 mixtures were tested for rutting characteristics at LTRC utilizing 
the Precision Machine and Welding version of the Hamburg Type Wheel Tester.  The 
designs were also tested for drainage characteristics using the Karol-Warner falling head 
permeability device.  The Instrotek CoreLok device was also utilized for Bulk Specific 
Gravity of mix, Gmb , measurements for the compacted specimens. 
 
Table 1 indicates the aggregates and additives used for each trial design of the OGFC 
mixture.  The PG76-22m, fiber, and anti-strip rate remained constant in both mix designs.  
The only variations between both mix designs were the incorporation of the #89 siliceous 
limestone and the actual percentages of aggregate blended to achieve a composite blend. 
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Table 1 

Composition of mix design blends  
 

  Percentage   
Material Design 1 Design 2 Source 

#78 
Sandstone, 

FR I 84.0 67.2 Pine Bluff Sand & Gravel 
#11 

Sandstone, 
FR I 9.3 7.4 Pine Bluff Sand & Gravel 
#89 

Limestone,  
FR III   18.7 Vulcan Materials 

PG76-22m 6.6 6.6 Marlin Asphalt 
Fibers 0.1 0.1 Interfibe 

Ad-Here LA 
2 

0.6 by Wt. of 
AC 

0.6 by Wt. of 
AC Arr-Maz 

 
 
 
 
Table 2 indicates the composite blend and mixture properties for the contractors’ Design 1 
and Design 2 composite blends.  This table also presents the quality assurance (QA) data 
from the actual plant-produced mix during construction. 
 
The LTRC gradation data indicated in table 2 are based on samples taken from the second 
truck during production.  This data does not match the JMF or the District’s QA data.  The 
Design AC and Maximum Theoretical Specific Gravity, Gmm , however, correspond with the 
QA data.  It is suspected that because the samples were acquired from the second truck, the 
hot mix plant had not had sufficient time to stabilize production.  One hypothesis is that a 
purging of the bag house fines resulted in the finer gradation. The District’s QA samples 
were acquired at a later time during production. 
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Table 2 
Composite blends and mixture properties 

 
  Percent Passing 

Sieve Size  Design 1 Design 2 QA Data 

LTRC 
2nd 

Truck 
Required 
Gradation 

3/4" (19mm) 100 100 100 100 100 
1/2" (12.5mm) 90 92 93 91 85 - 100 
3/8" (9.5mm) 58 64 68 66 55 - 75 

No. 4 
(4.75mm) 14 16 21 26 10 - 25 

No. 8 
(2.36mm) 9 8 11 18 5 - 10  

No. 16 
(1.18mm) 7 6 9 16   

No. 30 
(.600mm) 6 5 8 15   

No. 50 
(.300mm) 5 4 7 14   
No. 100 

(.150mm) 3.8 3.4 6 10   
No. 200 

(.075mm) 2.8 2.3 3.9 6.1 2 - 4 
            

Gmb 1.916 2.173       
Gmm 2.374 2.368 2.381 2.389   
VCA 33.0 23.0     18  

%Air Voids, 
AASHTO 

T166 19.3 8.2       
Gsb 2.558 2.604       
Gse 2.619 2.612       
Pba 0.9 0.8       
Pbe 5.9 6       

      
Permeability, 

ft/day 276 453     246  
Permeability, 

ft/day 
 LTRC 
Results 235 278    

Drain Down 0.08 0.08     0.3  
            

Design AC 6.6 6.6 7.0 6.8   
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Table 3 shows the rut measurements taken from the Precision Machine and Welding version 
of the Hamburg Type Wheel Tester (PMW Wheel Tracker).  The PMW Wheel Tracker tests 
mixtures for rutting properties and moisture susceptibility.  Samples pass if they attain no 
more than 6.0 mm of rutting after 20,000 passes of the PMW Wheel Tracker.  Also, the 
PMW Wheel Tracker will stop the measurement process if the samples have attained more 
than 20.0 mm at 20,000 passes.  Two samples each from mixture Design 1 and mixture 
Design 2 were subjected to these tests.  The tests were conducted at 50 ºC.  Both sets of 
samples were tested at 56 passes per minute.  Prior to testing, the samples were submerged 
under water for 90 minutes at the required testing temperature.  The rut depths indicated in 
table 3 are an average of the center 5 of 11 measuring points taken from each sample.  The 
distance between each measuring point is approximately 1.14 inches.  As indicated in table 3, 
Design 1 did not pass the required criteria, nor did it perform as well as Design 2.  Design 2 
had an average rut measurement of 3.32 mm after 20,000 passes. 

 
 

Table 3 
Rut measurements (mm) 

 
**Design 1 Design 2 Number of 

Passes Sample #1 Sample #2 Sample #1 Sample #2 
14,981 21.98    
4591  23.38   

 **Design 1 failed.  Samples fell 
apart during testing or failed to 
make the 20,000 pass criteria. 

  

20,000   3.50 3.14 
   Average  = 3.32 

 
 
 
Figures 2 and 3 are the graphical illustrations of the deformation under loading vs. number of 
passes for mixture designs 1 and 2 as tested in the PMW Wheel Tracker. 
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OGFC Design 1 Hamburg Data
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Figure 2 
Mixture Design 1, rut measurements (mm) vs. number of passes 

 
 
 

OGFC Design 2 Hamburg Data
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Figure 3 
Mixture Design 2, rut measurements (mm) vs. number of passes 

 
 

Table 4 is a comparison of the percent air voids of the contractor’s mix Design 1, mix Design 
2, and roadway cores as measured by the CoreLok device versus the contractor’s results that 
were determined by AASHTO T166.  It is noted that there is a considerable variance between 



 

 10 

results.  The percent air voids measured by the CoreLok device is significantly greater than 
the results determined by AASHTO T166. 
 

Table 4 
CoreLok vs. AASHTO T166 air voids  

 
  Percent Air Voids  
  Design 1 Design 2 Roadway Cores 

Contractor's Results 
 

19.3 
  

8.2     
              

  
Sample 

1 
Sample 

2 
Sample 

1 
Sample 

2 Core #1 Core #2 
LTRC (CoreLok) 19.4 27.6 14.3 13.8 16.7 17.6 

Average 23.5 14.0 17.1 
              

LTRC (T166)         11.2 10.6 
Average         10.9 

 
 
 
Table 5 is a comparison of permeability results between the contractor’s mix Design 1, mix 
Design 2, LTRC-prepared samples based on the contractor’s mix design blends, and roadway 
cores.  LTRC prepared two samples for each design and obtained the average coefficient of 
permeability.  The falling head permeability (K-value) of the OGFC mixtures was calculated 
based on Darcy’s Law.  Each sample was tested twice and the average was reported.  Design 
2 resulted in a higher coefficient of permeability because of the decrease in material passing 
the No. 200 sieve. 

 
 

Table 5 
Coefficient of permeability (feet/day) 

 
  Coefficient of Permeability (feet/day) 
  Design 1 Design 2 Roadway Cores 

  
Sample 

1 
Sample 

2 
Sample 

1 
Sample 

2 
Sample 

1 Sample 2 
LTRC Results 212.95 257.15 231.05 324.72 188.9 226.35 

Average  235  278 208 
              

Contractor Results 276 453     
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Profilograph 

A smoothness specification was not required on this section of roadway because of the small 
quantity of material placed.  The total length of the project paved was approximately 800 feet. 

Cost 

This project was estimated at $50,000 for the construction of the OGFC layer on the 0.157-
mile stretch of a 2-lane, 12-feet wide roadway, (approximately 2,210 square yards).  The low 
bid by Diamond B. Construction Co., LLC was $54,508.02. This bid included all items for 
project completion, i.e. striping, signs and barricades, mobilization, etc.  The pay item for the 
OGFC was Item S-001, and it was paid for by the square yard at a unit price of $19.64/sq.yd.  
The quantity used to date was 2,181.30 square yards, which equates to a cost of $42,841.  
When this square yard cost value is converted to a price per ton of mix placed at a lift 
thickness of ¾” (~ 94.0 tons), it equates to approximately $455/ton.  Therefore, this project 
does not have a sufficient quantity to do a proper evaluation of cost comparisons between hot 
mix and a specialty mix such as the OGFC.  Based on a material square yard cost method, we 
would estimate a budget value of $3.00 to $3.50 per square yard for 10-mile-long projects.
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COMMENTS 
 
The high air void content and the open structure of this mix promoted the effective drainage 
of rainwater as intended.  Since roadway drainage is enhanced, splash and spray behind 
vehicles should be reduced and ponding of water should be minimized, thus minimizing 
hydroplaning during wet weather.  Future performance evaluations of the roadway will be 
performed.
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Recommendations 
 
OGFC’s are recommended for immediate use to further enhance safety by improving 
roadway surface drainage, minimizing hydroplaning, reducing spla sh/spray and roadway 
glare, improving wet weather visibility and visibility of traffic markings. 
 
Prior to full implementation use of OGFC’s, it is recommended to construct at least one 
OGFC project in each District to familiarize LADOTD and industry with the OGFC 
specifications and mix design procedure.
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Appendix B 
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Appendix C 
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Appendix D 

Film Thickness Calculation 
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LADOTD & Contractor’s Project Personnel Comments 
 
 

Nicholas F. Verret, Jr.,  LADOTD District 08 Design, Water Res. & Dev. Engineer 
 
“It is obvious that this material is functioning as intended, since you can see water bleeding 
through it onto the shoulder after a rain…….” 
 
 
Cephas Bowie, Jr., LADOTD District 08 Laboratory Engineer 
 
“The mix design and application at this particular site on US 71 has eliminated the potential 
for hydroplaning. The mix provided drainage from the travel lanes and has performed well 
under traffic. This site is in a curve on a hill which allows the water from the travel lanes to 
either flow to the shoulders or down the travel lane edges during a heavy rain, however, it 
would be better to lay the OGFC on the travel lanes and shoulders or provide alternate 
drainage through the shoulders (I realize that our project was a CM job and the monies were 
limited). This project is performing very well.” 
 
 
Mark Lacroix, Quality Control Manager, Diamond B. Construction Co., LLC 
  
“1) Allow skid 2 and 3 aggregate in the mix. Follow current HM specs which allow 30% skid 
1 and 50% skid 2 by weight of total mix. This would allow contractors to utilize commonly 
inventoried materials while not impacting safety. 
  
2) Eliminate Lottman sensitivity test and evaluate agg/AC compatibility by performing a boil 
test. The coarse aggregate structure of the mix makes it difficult for the sample to hold 
together during the thaw cycle. The current spec called for 5 cycles. On the project we did, 
this was waived. 
  
3) Run plant production at least 150 tons before sampling to allow the plant bag house to 
purge. The small project that we did showed a finer gradation than was designed as a result 
of this. Even so the material is functioning as intended.” 
 


